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Semiconductor Memory and Controlling Method Thereof 
Technical Field 

The present invention relates to a semiconductor memory and a 
control method thereof and, more particularly, relates to a low-cost, high- 
performance and high-speed semiconductor memory constructed by having 
processor elements performing arithmetic functions and the like and memory 
integrally mounted on one chip. 

Background Art 

In recent years, as semiconductor devices becomes finer and finer in 
scale, an LSI constructed by having processor elements and memory 
integrally mounted on the same chip, the so-called system LSI or particularly 
embedded DRAM processor, has come to be reaUzed. Further, for increasing 
processing speed and data bandwidth, a memory-embedded multiprocessor, 
i.e., a type having a plurality of processors and embedded memory units on 
one chip, is being proposed for performing parallel processing. The memory- 
embedded multiprocessors are classified into shared-memory type 
multiprocessors in which a plurality of processor elements share the access of 
a memory unit and multiprocessors of a tY9^ in which a plurality of processor 
elements each have its dedicated memory. In a microprocessor of a shared- 
memory type in which all combination of non-overlapping simultaneous 
access between each processor elements and each partitioned memory sub- 
units are simultaneously possible, such a system is sometimes used to have 
crossbar switch array for connections between each of the plurahty of 
processor elements and the memory sub-units. 

FIG. 16 is a drawing of prior-art example 1, which schematically 



shows a manner of connections between processor elements and memory units 
in a shared-memory type multiprocessor system. In a typical design, there 
are buses for data, addresses, and control signals, between processor elements 
and memory units. When the number of buses between a processor and 
memory units is N, and then if there are N buses provided as shown in FIG. 
16, only one processor is allowed to access memory at a time which means a 
bus out of N buses is occupied for communication between the processor and 
memory. When processor elements make request simultaneous memory 
accesses , all other processors requesting for memory access but one having 
current bus accessing privilege, must wait until the communications between 
this processor element and the memory is over and the bus become available. 
So even memory is divided into small capacity units, simultaneous access is 
limited to the maximum of available bus number N. In Fig 16, note that 
black circles at bus portions are not permanent bus connections but bus 
switch arrays and those connections are controlled to set up a bus route from 
a processor to a target memory. 

FIG. 17 is a drawing explanatory of prior-art example 2. If M sets of 
N buses(here M<N) are provided as shown in FIG. 17, M processor elements 
are allowed to communicate with N memory at the same time. However, 
since M x N buses are required, the number of buses becomes huge when the 
number of the processor elements increase. In the drawing, black circles at 
bus crossing portions are not permanent bus connections but switch arrays. 
Those switch arrays are controlled to set up a bus route from a processor to a 
target memory sub-group comprising of one or plural memory units. 
momorico arc int o rconnootodp * 

FIG. 18 is a drawing explanatory of prior-art example 3. In the case 
of FIG. 18, crossbar areas are provided between processor elements and 



memory units and, by means of crossbar switches, processor elements and 
memories are interconnected. The typical crossbar circuit is designed 
literally to intersect vertical and horizontal hnes to form crossbar with bus 
switch at the intersection point. By providing a path for direct connection 
between each processor element and each memory unit with the use of a bus 
switch, the crossbar switch system realizes simultaneous connections of all 
the combinations of processor elements and memories with smaller hardware 
size compared to example 2, though it is well known that cross-bar hardware 
is huge. Although it is not drawn in each figure of example 1, example 2 and 
example 3 described above, since a plurality of processor elements are not 
allowed to access the same memory unit at the same time, an arbiter circuit is 
provided for arbitrating simultaneous requests for accessing the same 
memory, £o^ — arbitrating simul t aneous — requests for — aeeessing— the — s ame 
» momop y. 

In the prior arts discussed above, since the crossbar switch areas must 
be provided between processor elements and memories as shown in FIG. 18, 
there is a problem of an increase in the chip space. This problem becomes 
more serious for large scale integrated system as processor elements and 
buses are increased in number and, consequently, the system employing the 
crossbar becomes expensive. If the crossbar switch kind of bus system is not 
used, it is impossible for a plurality of processor elements to access each target 
memory unit simultaneously. Therefore, especially for a memory-embedded 
multiprocessor, though the system performance can be improved by the 
increase in the bus bandwidth, the cost increases with the increase in the chip 
area. 

In USP 5,379,248, a semiconductor memory is disclosed, which makes 
it possible to provide a more complicated bit line peripheral circuit without 
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increasing the chip size. In this US Patent, ordinary bit Unes are laid on a 
memory cell and other bit lines are laid over the ordinary bit Unes so as to 
intersect the same. Therefore, emphasis is placed on getting more freedom 
in layout rather than on increasing the bandwidth. 
5 In another USP 5,943,253, a semiconductor memory is disclosed, 

which makes it possible to transfer more data without increasing the chip 
area by providing first data buses and second data buses intersecting each 
other. 

Although the configurations mentioned above include the constituents 

S 

10 of the configuration of the present invention partly, they are not such that to 
01 attain high speed massive data operation and large bandwidth. 

i y 

m 

yj Disclosure of Invention 

O An object of the present invention is to obtain the merit of processor 

ry 15 and memory integration on one chip, i.e., to obtain a larger bandwidth and 

p achieve simultaneous access by processors to any of the memory addresses as 

Ms 

effectively as possible, through the layout of data Unes on the memory cell 
parallel with and orthogonal to the word lines and the arrangement of 
crossbar switches and wires for connecting related parallel and orthogonal 

20 data Unes through crossbar switches layouted not at the intersection point of 
the first and the second data lines but in memory cell circumjacent area such 
as sense amplifier areas or word driver areas. 

The semiconductor memory of the present invention, in more detail, 
comprises a plurality of memory ceUs arranged in a matrix, a pluraUty of bit 

25 line pairs each thereof being connected to each column of the plurality of the 
memory ceUs, sense ampUfiers each connected to each bit Une pair , a 
plurality of first gate pairs, a plurality of second gate pairs, a plurality of first 



data line pairs pfeach *a-be-connected with one of the bit Une pairs selected by 
means of the first gate pairs on activation, and a plurality of second data line 
pairs^pf'each -to-be. connected with one of the first data line pairs by means of 
the second gate pairs, wherein the first data line pairs and the second data 
line pairs are arranged to intersect each other. 

By virtue of the configuration just described, first data Une pairs 
normally used for memory data transfer can also be used as crossbar wirings 
and, hence, a reduction in the chip area can be attained. 

Further, the semiconductor memory of the present invention 
comprises a plurality of memory cells arranged in a matrix, a pluraUty of bit 
line pairs each thereof being connected to each column of the plurality of the 
memory cells, sense ampUfiers each connected to each bit Une pair , a 
plurality of first gate pairs, a plurality of second gate pairs, a plurality of first 
data line pairs -ef-each layouted on the memory cells, to be connected with one 
of the bit line pairs selected by means of the first gate pairs^ on activation, and 
a pluraUty of second data line pairs -ef-each^ layouted on the memory cells, to 
be connected with one of the first data Une pairs by means of the second gate 
pairs, wherein the first data line pairs and the second data line pairs are 
arranged to intersect each other. 

By virtue of the configuration just described, crossbar wirings can be 
provided by the use of the memory cell area and therefore a reduction in the 
chip area can be attained. Further, by the use of the high layer of memory 
cell area as the wiring area, a much larger number of data line pairs can be 
laid as compared with the case where, for example, second data line pairs are 
arranged in the sense amplifier area. By having described configuration, 

A. 

simultaneous data communications performed with the use of the larger 
number of data Une pairs, a high bandwidth system can be structured. 



Further, the semiconductor memory of the invention is characterized by 
that the first and second gate pairs are layouted in the outer space of a memory 
cell array. 

By virtue of the configuration just described, as an example of more 
effective layout, the crossbar switchelte can be layouted in the area of bit line side 
of a memory cell array^ adjacent to the sense amplifier^ area, and therefore, an 
increase in the chip area can be suppressed as contrasted to the conventional 
arrangement of thorn - in the areas of intersection of the first data line pair and 
second data Hne pair. Besides, since the switches can be disposed in the active 
region of the sense amplifier area, an increase of the chip area can be suppressed. 

Further, the semiconductor memory of the invention comprises a 
plurality of memory cells arranged in a matrix, a plurality of bit line pairs 
each thereof being connected to each column of the plurality of the memory 
cells, sense amplifiers each connected to each bit line pair , a plurahty of 
first gates, a plurality of second gates, a plurality of first data lines -©feach to 
be connected with one line of one of the bit line pairs selected by means of the 
first gates^on activation, and a pluraUty of second data lines -ef each to b e 
Gonnootod with one lin e of -one of th e bit -lijae-pairs -setected-by-meens -ef^the- 
^st.gatejiaips-to be connected with one of the first data lines by means of the 
second gates, wherein the first data lines and the second data lines are 
arranged to intersect each other. 

Although the advantage of differential data transfer of high speed and 
low power consumption are not obtained, by virtue of the configuration 
just described, twice as many data as- are transferred by means of 
data line pair can be transferred and hence it is made possible to 
construct a high bandwidth system. 
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Further, the semiconductor memory of the invention 
comprises a plurality of memory cells arranged in a matrix array, a 
plurality of bit line pairs each thereof being connected to each 
column of the plurality of the memory cells, sense amplifiers each 
5 connected to each bit line pair , a plurality of first gate pairs, a 
plurality of second gate pairs, a pluraUty of first data line pairs-ef-each 
to be connected on time sharing basis with one of the bit line pairs 

A 

selected by means of the first gate pairs^^ on activation, and a 
plurality of second data line pairs ef-each to be connected with one of 

10 the first data line pairs by means of the second gate pairs, wherein 
the first data line pairs and the second data line pairs are arranged 
to intersect each other. 

According to the configuration just described, by arranging 
first data line pairs to be separately corresponding to each memory 

15 block, it is made possible to perform access, continuously with first 
access, to a memory block different from that accessed first, 
through second data line pair different from that used in the first 
access. Further, data transfer to and from a plurality of memory 
blocks can be continuously performed without producing contention, 

20 so that a great improvement in the bandwidth of the system can be 
realized. 

Further, the semiconductor memory of the invention 
comprises one or a plurality of processor elements, a plurality of 
memory cells arranged in a array, a plurality of bit line pairs each 
25 thereof being connected to each column of the plurality of the 
memory cells, sense amplifiers each connected to each bit line pair, a 
plurality of first gate pairs, a plurality of second gate pairs, a plurality 
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of first data line pairs of-each to be connected with one of the bit line 
pairs selected by means of the first gate pairs^on activation, and a 
plurality of second data line pairs of each to be connected with one of 
the first data line pairs by means of the second gate pairs, 
5 wherein the first data line pairs and the second data line pairs are 
arranged to intersect each other. 

By virtue of the configuration just described, a memory- 
embedded processor provided with a crossbar system can be realized 
O on one chip. Therefore, a high-speed and low-power system can be 

H 10 provided. 

01 

Further, the semiconductor memory according to the invention, that N-th 

fli 

Q input-output data line of said processor elements is to be connected to N-th of 

a s I 

£ said first gate and corresponding N-th said first data line, and those of each N-th 

*^ 

y1 arrangement is assigned to N-th partial chunk out of said plurahty of bit fine 

ri 5 
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m 15 pairs, each thereof being connected to each column of the plurahty of the memory 
y= cells, with a number of column of the product of M neighbor bit line pairs by N 

chunk. Here the bit data connection of N-th input-output data line of said 
processor elements between the processor elements and memory cells are 
assigned to transfer data corresponding to the N-th arrangement of the first gate 
20 pair of each to select one of the bit hne pairs out of M neighbor columns. 

And each of all columns number of product of M by N is hereof being connected to 
each of the plurahty of memory cells. The N-th first gate pair is to connect to 
each of N-th first data line pair and the N-th first^line pair is to be connected to 
the N-th input output N line of each processor element via the second gate pairs 
25 and via the second data line pairs. M-th of N parallel bit data out of all columns 
of data in one time simxdtaneous read or write are transferred with a choice of 
the first gates , 



By virtue of this configuration, succeeding M transferring words of N-bit 
data words are transferred between the memory and the processor in high speed, 
and as neighbor connection of wire is simple, a memory-embedded 
microprocessor chip is manufactured with^small number of metal layers. 

Further, the semiconductor memory according to the 
invention comprises one or a plurality of processor elements, a 
plurality of memory cells arranged in a matrix array, a plurality of 
bit line pairs each thereof being connected to each column of the 
plurality of the memory cells, sense amplifiers each connected to 
each bit line pair, a pluraUty of first gates, a plurality of second gates, 
a plurality of first data lines-efeach to be connected with one line of one 
of the bit line pairs selected by means of the first gates4 on 
activation, and a plurality of second data lines-ef^ach to be connected 
with one of the first data lines by means of the second gates, wherein 
the first data lines and the second data lines are arranged to 
intersect each other. 

By virtue of the configuration just described, a high- 
bandwidth memory-embedded processor provided with a crossbar 
system can be realized on one chip. Therefore, a high-speed and 
low-power system can be provided. 

Further, the semiconductor memory according to the 
invention comprises one or a plurality of processor elements, a 
plurality of memory cells arranged in a matrix array, a plurality of 
bit line pairs each thereof being connected to each column of the 
plurality of the memory cells, ^ sense amplifiers each connected to 
each bit line pair , a plurality of first gate pairs, a plurality of second 
gate pairs, a pluraUty of first data line pairs-ef»each to be connected on 
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a time sharing basis with one of the bit line pairs selected by means 
of the first gate pairs^ on activation, and a plurahty of second data 
line pairs ef^each to be connected with one of the first data line pairs 
by means of the second gate pairs, wherein the first data line pairs 
and the second data line pairs are arranged to intersect each other. 

According to the configuration just described, by arranging 
first data line pairs to be separately corresponding to each memory 
block, it is made possible to perform access, continuously with first 
access, to a memory block different from that accessed first, 
through second data line pairs different from that used in the first 
access. Further, data transfer to and from a plurality of memory 
blocks can be continuously performed without producing contention, 
so that a great improvement in the bandwidth of the system can be 
realized. 

Further, the semiconductor memory of the invention 
comprises a plurality of processor elements, a plurality of memory 
cells arranged in a matrix array and organized into a plurality of 
memory block groups, a plurality of bit line pairs each thereof being 
connected to each column of the plurality of the memory cells, sense 
amplifiers each connected to each bit line pair , a plurahty of first 
gate pairs, a plurality of second gate pairs, a plurahty of first data line 
pairs -ef-each to be connected with one of the bit line pairs selected by 
means of the first gate pairs^ on activation, 

and a plurahty of second data line pairs-ofeach to be connected with 
one of the first data line pairs by means of the second gate pairs, 
wherein the first data line pairs and the second data line pairs are 
arranged to intersect each other. 



By virtue of the configuration just described, a memory- 
embedded multiprocessor provided with a crossbar system can be 
realized on one chip. Therefore, a high-speed and low-power system can be 
provided. 

Further, the semiconductor memory of the invention comprises a 
plurality of processor elements, a plurality of memory cells arranged in a 
matrix array and organized into a plurality of memory block groups, a 
plurality of bit line pairs each thereof being connected to each column of the 
plurality of the memory cells, sense amplifiers each connected to each bit line 
pair , a plurality of first gat^ a pluraUty of second gate§ a plurality of first 
data line pairs -e^each to be connected with one of the o ne lin e^of the bit line 
pairs selected by means of the first gates^ on activation, and a pluraUty of 
second data line pairs -e^ each to be connected with one of the first data lines 
by means of the second gates, wherein the first data line and the second data 
line are arranged to intersect each other. 

By virtue of the configuration just described, a high-bandwidth 
memory-embedded multiprocessor provided with a crossbar system can be 
realized on one chip. Therefore, a high-speed and low-power system can be 
provided. 

Further, the semiconductor memory according to the 
invention comprises one or a plurality of processor elements, a 
plurality of memory cells arranged in a matrix array and organized 
into a plurality of memory block groups, a plurality of bit line pairs 
each thereof being connected to each column of the plurality of the 
memory cells, sense amplifiers each connected to each bit line 
pair , a plurality of first gate pairs, a pluraUty of second gate pairs, a 
pluraUty of first data line pairs -ef- each to be connected on a time 
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sharing basis with one of the bit line pairs selected by means of the 
first gate pairs^^ on activation, and a plurality of second data line 
pairs ef-each to be connected with one of the first data line pairs by 
means of the second gate pairs, wherein the first data line pairs and 
the second data line pairs are arranged to intersect each other. 

By virtue of the configuration just described, a high- 
bandwidth memory-embedded multiprocessor provided with a 
crossbar system can be realized on one chip. Therefore, a high- 
speed and low-power system can be provided. Besides, in the 
memory-embedded multiprocessor, the input and output of each 
processor element can be connected with the crossbar system 
disposed on the memory side. 

Further, the semiconductor memory of the invention further 
comprises a plurality of control means for controlling a plurality of 
memory cells organized into one or a plurality of memory block 
groups, wherein the control means each have a control signal for 
controlling each of the groups. (Hereinafter, a plurality of memory 
cells will be called "memory cell array ' or "cell array" .) 

By virtue of the configuration just described, a system 
capable of making a plurality of accesses to a plurality of memory 
cell arrays simultaneously can be structured and, hence, a high- 
speed system can be provided. 

Further, the semiconductor memory according to the 

invention is such that h-as. the control means as part of the plurality 

A 

of processor elements. By virtue of this configuration, a system^ in 
a memory-embedded microprocessor, allowing a plurality of 
memory cell arrays to simultaneously make a plurality of accesses. 
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such that, for example, a plurality of processor elements 
simultaneously access a plurality of memory cell arrays, and having 
a speed, at the maximum, equivalent to that of an existing system 
multiplied by the number of the processor elements can be 
5 structured. 

In addition, 44i-e* method for controlling a semiconductor 

A 

memory according to the invention comprises making request for 
data communications by processor elements performing data 

^ communications with a plurality of memory cells organized into 

Q 

u3 10 memory block groups, controlling data communications in response to 

^ the requests for data communications, and making data 

fll communications between the processor elements and the memory 

yj cells in accordance with the control signals under the control, 

Q wherein, in the step of controlling communications, control signals 

^ a 

pj 15 for controlling each of a plurality of memory cells organized into 

Ln 

Q individual groups are used. By virtue of the arrangement just 

L-E. 
5 — 

described, a high-speed system capable of controlling a plurality of 
simultaneous accesses to a plurality of memory cell arrajgcan be 
structured. 

20 

Brief Description of Drawings 

FIG. 1 is a system diagram of a semiconductor memory according to a 
first embodiment of the invention. 

FIG. 2 is a diagram schematically showing a portion of the 
25 semiconductor memory shown in FIG. 1. 

FIG. 3 is a timing chart showing operations in the semiconductor 
memory according to the first embodiment of the invention. 
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FIG. 4 is a system diagram of a semiconductor memory according to a 
second embodiment of the invention. 

FIG. 5 is a diagram schematically showing a portion of the 
semiconductor memory shown in FIG. 4. 

FIG. 6 is a diagram schematically showing a portion of a third 
embodiment of the invention. 

FIG. 7 is a timing chart showing operations in the semiconductor 
memory according to the third embodiment of the invention. 

FIG. 8 is a system diagram of a semiconductor memory according to a 
fourth embodiment of the invention. 

FIG. 9 is a diagram schematically showing a portion of the 
semiconductor memory shown in FIG. 8. 

FIG. 10 is a timing chart showing operations in the semiconductor 
memory according to the fourth embodiment of the invention. 

FIG. 11 is a system diagram of a semiconductor memory according to 
the fifth embodiment of the invention. 

FIG. 12 is a system diagram of a semiconductor memory according to 
the fifth embodiment of the invention. 

FIG. 13 is a system diagram of a semiconductor memory according to 
the fifth embodiment of the invention. 

FIG. 14 is a diagram showing an example of processing in a 
semiconductor memory according to a sixth embodiment of the invention. 

FIG. 15 is a diagram showing an example of processing in a 
semiconductor memory according to a seventh embodiment of the invention. 

FIG. 16 is a system diagram of a semiconductor memory of a prior art. 

FIG. 17 is a system diagram of a semiconductor memory of a prior art. 

FIG. 18 is a system diagram of a semiconductor memory of a prior art. 



Best Mode for Carrying Out the Invention 

Preferred embodiments of the invention will be described with 
reference to the accompanying drawings. 
(First Exemplary Embodiment) 

FIG. 1 to FIG. 3 are drawings explanatory of a first exemplary 
embodiment of the invention. 

FIG. 1 schematically shows a structure of the semiconductor memory 
according to the first embodiment. FIG. 2 schematically shows a portion of 
the semiconductor memory shown in FIG. 1. In FIG. 1 and FIG. 2, memory 
cell array 1 is arranged in a matrix. In FIG. 1, only the outer frame of 
memory cell array 1 is shown. In FIG. 2, a block diagram of memory cell 
array 1 is shown. FIG. 1 shows the outer frame of sense amplifier row 2 and 
FIG. 2 shows a block diagram of sense amplifier row 2. In a real memory 
system, it is well known that there provided sense amplifiers of the same 
number as the number of the- columns of memory cell array 1 in a matrix 
arrangement. A schematic of the sense amplifiers for typical memory cell 
columns of "column 0", "column m" and "column n" are shown in Fig. 2. 
Sub-word decoder array 3 is a decoder for a word signal. Switches 4 control 
the connection between first data line pairs DL, XDL and second data line 
pairs DB, XDB. 

Although sense amplifiers 5-ef each^a^e-generaUy formed of a latch 
circuit made up of two P-channel transistors and two N-channel transistors, it 
is shown in a simplified manner in FIG. 2. Switches 6 controls the 
connection between bit fine pairs BL, XBL and first data line pairs DL, XDL. 

Although memory cells 7, in the case of DRAM, is generally formed of 
one transistor and one capacitor, it is shown in a simphfied manner in FIG. 2. 



Although there are^in reality, word lines WL corresponding^ in number^ to the 
rows of memory cell array 1, there are' shown only two lines (WLa, WLb) in 
FIG. 2. Selection gates 8 selects one of the upper and lower bit line pairs. 
Although sense amplifier row 2 further has a precharge circuit arranged for 
each bit line pair, it is omitted here. 

FIG. 3 is a timing chart showing an example of operations in the 
semiconductor memory shown in FIG. 1 and FIG. 2. Operations in the first 
embodiment will be described below with reference to FIG. 3. 

When a control signal is fed into the memory in synchronized with a 
rising edge of a clock (hereinafter called CLK), various pulses for controlling 
memory operations are generated. When the control signal is fed in 
synchronized with rising edges of the first and ninth clocks in FIG. 3, word 
line WLa at the address designated by the control signal makes a transition 
from low level to high level. Following the transition of word line WLa to a 
high level, data in memory cells 7 connected to word line WLa are placed on 
bit line BLOl - BLn2. Then, sense amplifier starting signals SPO, SPl for the 
memory block designated by the control signal make a transition from 
precharge level to high level. Following the transition from precharge level 
to low level of SNO, SNl, sense amplifiers 5 are started and voltages on bit 
line pairs BLOl - BLn2, XBLOl - XBLn2 are amplified by sense amplifiers 5. 
Then, gate signal YO - 0 for switches 6 makes a transition from low level to 
high level so that bit line pairs BLOl - BLml, XBLOl - XBLml are connected 
with first data line pairs DLO - DLm, XDLO - XDLm. Further, second data 
line pairs DBOO - DBOm, XDBOO - XDBOm selected by the control signal and 
first data line pairs DLO - DLm, XDLO - XDLm are connected together upon a 
transition from low level to high level of gate signal TGO - 0 for switches 4. 

In the case of a write operation, data are written, during this period of 
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time, by a write circxiit (not shown) into second data line pairs DBOO - DBOm, 
XDBOO - XDBOm and the written data are transmitted to first data hne pairs 
DLO - DLm, XDLO - XDLm through switches 4. Further, the data are 
transmitted to bit line pairs BLOl - BLml, XBLOl - XBLml through switches 
5 6 so that the data are written into memory cells 7 connected to word line 
WLa through selection gates 8. 

In the case of a read operation, voltages amplified by sense amplifiers 

5 on bit line pairs BLOl - BLml, XBLOl - XBLml are transmitted, during the 
same period of time, to first data line pairs DLO - DLm, XDLO - XDLm 

Q 

10 through switches 6. Further, the voltages are transmitted to second data 
m line pairs DBOO - DBOm, XDBOO - XDBOm through switches 4. The voltages 

nJ on second data line pairs DBOO - DBOm, XDBOO - XDBOm are amphfied by 

m 

hJ read amplifiers (not shown) and the read out data are output. 

0 Whether in read operation or in write operation, the precharging of 

in 

nJ 15 the first data hne pairs are performed while bit line pairs BL, XBL and first 

"m 

Q data hne pairs DL, XDL are disconnected upon turning off of switches 6. 

1 -. 

t 

After the precharging of first data hne pairs DL, XDL , gate signal 
Yl-0 for switches 6 makes a transition from low level to high level so that bit 
fine pairs BL02 - BLm2, XBL02 - XBLm2 and first data hne pairs DLO - DLm, 
20 XDLO - XDLm are connected together. 

In the case of a write operation, data are written, during this period of 
time, by a write circuit (not shown) into second data hne pairs DBOO - DBOm, 
XDBOO - XDBOm and the written data are transmitted to first data hne pairs 
DLO - DLm, XDLO - XDLm through switches 4. Further, the data are 
25 transmitted to bit Une pairs BL02 - BLm2, XBL02 - XBLm2 through switches 

6 so that the data are written into memory cells 7 connected to word line 
WLa through selection gates 8. 
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In the case of a read operation, voltages amplified by sense amplifiers 
5 on bit line pairs BL02 - BLm2, XBL02 - XBLm2 are transmitted, during the 
same period of time, to first data Une pairs DLO - DLm, XDLO - XDLm 
through switches 6. Further, the voltages are transmitted to second data 
line pairs DBOO - DBOm, XDBOO - XDBOm through switches 4. The voltages 
on second data line pairs DBOO - DBOm, XDBOO - XDBOm are amplified by 
read amplifiers (not shown) so that the read out data are output. 

As described above, even when, for example, bit line pairs BLOl, 
XBLOl and BL02, XBL02 share common first data line pairs DLO, XDLO, it is 
possible to access all of the memory cells connected to word line WLa by 
reading and writing data at 2 CLK cycles (at the second and third clock cycles 
and lOth and 11th clock cycles in FIG. 3). 

After the completion of the write operation/read operation, if it is 
needed to access memory cells connected to another word line in the same 
memory block, a precharging operation is carried out for preparation of next 
command receiving, Precharging is an operation to bring selected word line 
WL from high level to low level and to bring bit line pairs BL, XBL to a 
precharge level by means of a precharge circuit (not shown) and it is the same 
technology as applied in conventional DRAM and the like (refer to fourth, 
eighth, 12th, and 16th clock cycles in FIG. 3). 

A case where access is made to other memory cells connected to second 
data fine pairs DBIO - DBlm, XDBIO - XDBlm and word line WLb will be 
described. When a control signal is fed in synchronized with rising edges of 
fifth and 13th CLK in FIG. 3, word line WLb at the address designated by the 
control signal makes a transition from low level to high level. When word 
line WLb is changed to a high level, the data in memory cells 7 connected to 
word fine WLb are placed on bit Hnes BLOl - BLn2. Then, sense amplifier 
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starting signals SPO, SPl of the memory block designated by the control 
signal make a transition from precharge level to high level. Then, when 
signals SNO, SNl make a transition from precharge level to low level, sense 
amplifiers 5 are (started &)activated and voltages on bit line pairs BLOl - 
5 BLn2, XBLOl - XBLn2 are ampUfied by sense amplifiers 5. Then, gate signal 
YO - 0 for switches 6 makes a transition from low level to high level, so that bit 
line pairs BLOl - BLml, XBLOl - XBLml and first data line pairs DLO - DLm, 
XDLO - XDLm are connected together. Further, second data line pairs DBIO 
- DBlm, XDBIO - XDBlm selected by the control signal are connected with 
^ 10 first data line pairs DLO - DLm, XDLO - XDLm upon a transition from low 
^ level to high level of gate signal TGI - 0 for switches 4. 

ai In the case of a write operation, data are written, during this period of 

time, into second data line pairs DBIO - DBlm, XDBIO - XDBlm by a write 
circuit (not shown) and the written data are transmitted to first data line 
15 pairs DLO - DLm, XDLO - XDLm through switches 4. Further, the data are 
transmitted to bit fine pairs BLOl - BLml, XBLOl - XBLml through switches 
6 so that the data are written into memory cells 7 connected to word line WLb 
through selection gates 8. 

In the case of a read operation, voltages amplified by sense amplifiers 
20 5 on bit hne pairs BLOl - BLml, XBLOl - XBLml are transmitted, during the 
same period of time, to first data Hne pairs DLO - DLm, XDLO - XDLm 
through switches 6. Further, the voltages are transmitted to second data 
line pairs DBIO - DBlm, XDBIO - XDBlm through switches 4. The voltages 
on second data line pairs DBIO - DBlm, XDBIO - XDBlm are amphfied by 
25 read amplifiers (not shown) so that the read out data are output. 

Whether in read operation or in write operation, the precharging of 
the first data fine pairs are performed while bit Hne pairs BL, XBL and first 
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data line pairs DL, XDL are disconnected upon turning off of switches 6. 

After the precharging operation of first data Une pairs DL, XDL , gate 
signal Yl-0 for switches 6 makes a transition from low level to high level so 
that bit Hne pairs BL02 - BLm2, XBL02 - XBLm2 and first data line pairs DLO 
- DLm, XDLO - XDLm are connected together. 

In the case of a write operation, data are written, during 
this period of time, into second data line pairs DBIO - DBlm, XDBIO - XDBlm 
by a write circuit (not shown) and the written data are transmitted to first 
data line pairs DLO - DLm, XDLO - XDLm through switches 4. Further, the 
voltages are transmitted to bit line pairs BL02 - BLm2, XBL02 - XBLm2 
through switches^ 6 so that the data are written into memory cells 7 connected 
to word line WLb through selection gates 8. 

In the case of a read operation, voltages amplified by sense amplifiers 
5 on bit line pairs BL02 - BLm2, XBL02 - XBLm2 are transmitted, during the 
same period of time, to first data Une pairs DLO - DLm, XDLO - XDLm 
through switches 6. Further, the voltages are transmitted to second data 
line pairs DBIO - DBlm, XDBIO - XDBlm through switches 4. The voltages 
on second data line pairs DBIO - DBlm, XDBIO - XDBlm are amplified by 
read amplifiers (not shown) so that the read out data are output. 

Thus, according to the first embodiment, first data lines normally 
used for memory data transfer can also be used as crossbar wirings and, hence, 
increase in the chip area can be suppressed. 
(Second Exemplary Embodiment) 

FIG. 4 and FIG. 5 are drawings explanatory of a second exemplary 
embodiment of the invention. FIG. 4 schematically shows a structure of a 
semiconductor memory according to the second embodiment. FIG. 5 
schematically shows a portion of the semiconductor memory shown in 4. 



The second embodiment, as shown in FIG. 4, has the second data line 
pairs (DB, XDB) in the above described first embodiment (FIG. 1, FIG. 2) 
layouted on the memory cell array 1. According to the second 
embodiment, it becomes possible to layout the crossbar wiring over the 
memory cells so that the chip size can be reduced. 

Further, by the use of the area on the memory cell array as the wiring 
area, a much larger number of data wires can be laid as compared, for 
example, with the first embodiment in which the second data lines were 
disposed in the domain of the sense amplifier rows. Further, by having 
simultaneous data communications performed with the memory by the use of 
the large number of data lines, it becomes possible to structure a high 
bandwidth system. 
(Third Exemplary Embodiment) 

FIG. 6 and FIG. 7 are drawings explanatory of a third exemplary 
embodiment of the invention. 

FIG. 6 schematically shows a portion of the semiconductor memory 
according to the third embodiment. 

FIG. 7 is a timing chart showing an example of operations in the 
semiconductor memory shown in FIG. 6. 

In FIG. 6, the third embodiment has the first data lines (DL, XDL) 
and second data lines (DB, XDB) in the above described second embodiment 
(FIG. 5) provided in a single-bus structure. 

When a control signal is fed into the semiconductor memory in 
synchronized with a rising edge of a CLK, various pulses for controlling 
memory operations are generated. When the control signal is fed in 
synchronized with the rising edges of the first and seventh clocks in FIG. 7, 
word line WLa at the address designated by the control signal makes a 
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transition from low level to high level. Following the transition of word Une 
WLa to a high level, data in memory cells 7 connected to word hne WLa are 
placed on bit Une BLOl - BLn2, Then, sense amplifier starting signals SPO, 
SPl for the memory cell array designated by the control signal make a 
transition from precharge level to high level. Following the transition from 
precharge level to low level of SNO, SNl, sense amplifiers 5 are started so that 
data on bit line pairs BLOl - BLn2, XBLOl - XBLn2 are amplified by sense 
amplifiers 5. Then, gate signals YO - 0 and Yl - 0 for switches 6 make a 
transition from low level to a high level, so that bit lines BLOl - BLml are 
connected with first data line pairs DLO - DLm and bit lines XBL02 - XBLm2 
are connected with first data lines XDLO - XDLm. Further, second data line 
pairs DBOO - DBOm, XDBOO - XDBOm selected by the control signal and first 
data line pairs DLO - DLm, XDLO - XDLm are connected together upon a 
transition from low level to high level of gate signal TGO - 0 for switches 4. 

In the case of a write operation, data are written, during this period of 
time, into second data line pairs DBOO - DBOm, XDBOO - XDBOm by a write 
circuit (not shown) and the written data are transmitted to first data line 
pairs DLO - DLm, XDLO - XDLm through switches 4. Further, the data are 
transmitted to bit hne pairs BLOl - BLml, XBL02 - XBLm2 through switches 
6 so that the data are written into memory cells 7 connected to word line WLa 
through selection gates 8. 

In the case of a read operation, voltages amphfied by sense amplifiers 
5 on bit hnes BLOl - BLmO, XBL02 - XBLm2 are transmitted, during the same 
period of time, to first data line pairs DLO - DLm, XDLO - XDLm through 
switches 6. Further, the voltages are transmitted to second data hne pairs 
DBOO - DBOm, XDBOO - XDBOm through switches 4. The voltages on second 
data Hne pairs DBOO - DBOm, XDBOO - XDBOm are compared with a preset 



precharge level and amplified by read amplifiers (not shown) and the read out 
data are output. 

Whether in read operation or in write operation, the precharging of 
the first data Hnes are performed while bit line pairs BL, XBL and first data 
lines DL, XDL are disconnected upon turning off of switches 6. 

After the completion of the write operation/read operation, if it is 
needed to access memory cells connected to another word line in the same 
memory block, a precharging operation is carried out for preparation of next 
command receiving(refer to third, sixth, ninth, and 12th clock cycles in FIG. 
7). 

A case where access is made to memory cells connected to another 
second data line pairs DBIO - DBlm, XDBIO - XDBlm and word line WLb will 
be described. When a control signal is fed in synchronized with rising 
edges of fourth and 10th CLK in FIG. 7, word line WLb at the address 
designated by the control signal makes a transition from low level to high 
level. When word line WLb has made the transition to a high level, the data 
in memory cells 7 connected to word line WLb are placed on bit line BLOl - 
BLn2. Then, sense ampHfier starting signals SPO, SPl of the memory cell 
array designated by the control signal make a transition from precharge level 
to high level. Then, when signals SNO, SNl make a transition from 
precharge level to low level, sense amplifiers 5 are started and voltages on bit 
line pairs BLOl - BLn2, XBLOl - XBLn2 are amplified by sense amplifiers 5. 
Then, gate signals YO - 0 and Yl-0 for switches 6 make a transition from low 
level to high level, so that bit lines BLOl - BLml is connected with first data 
hnes DLO - DLm and bit Unes XBL02 - XBLm2 is connected with first data 
lines XDLO - XDLm. Further, second data Une pairs DBIO - DBlm, XDBIO - 
XDBlm selected by the control signal and first data hne pairs DLO - DLm, 
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XDLO - XDLm are connected together upon a transition from low level to high 
level of gate signal TGI - 0 for switches 4. 

In the case of a write operation, data are written, during this period of 
time, into second data line pairs DBIO - DBlm, XDBIO - XDBlm by a write 
circuit (not shown) and the written data are transmitted to first data line 
pairs DLO - DLm, XDLO - XDLm through switches 4. Further, the data are 
transmitted to bit lines BLOl - BLml, XBL02 - XBLm2 through switches 6 so 
that the data are written into memory cells 7 connected to word line WLb 
through selection gates 8. 

In the case of a read operation, voltages amplified by sense amplifiers 
5 on bit line pairs BLOl - BLmO, XBL02 - XBLm2 are transmitted, during the 
same period of time, to first data line pairs DLO - DLm, XDLO - XDLm 
through switches 6. Further, the voltages are transmitted to second data 
line pairs DBIO - DBlm, XDBIO - XDBlm through switches 4. The voltages 
on second data line pairs DBIO - DBlm, XDBIO - XDBlm are compared with 
a preset precharge level and amplified by read amplifiers (not shown) and the 
read out data are output. 

Thus, according to the third embodiment, twice as many data as are 
transferred by means of data line pairs can be transferred during the same 
time period and it is made possible to structure a high bandwidth system. 

(Fourth Exemplary Embodiment) 

FIG. 8 to FIG. 10 are drawings explanatory of a fourth exemplary 
embodiment of the invention. FIG. 8 schematically shows a structure of the 
semiconductor memory according to the fourth embodiment. FIG. 9 
schematically shows a portion of the semiconductor memory shown in FIG. 8. 
FIG. 10 is a timing chart of operations in the semiconductor memory shown in 
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FIG. 8 and FIG. 9. 

The fourth embodiment in FIG. 8 and FIG. 9 is different from the 
above second embodiment (FIG. 4, FIG. 5) in the manner of connection of 
switches 4 and the manner of connection of switches 6. 

When a control signal is fed into the semiconductor memory in 
synchronized with a rising edge of a CLK, various pulses for controlling 
memory operations are generated. When the control signal is fed in 
synchronized with the rising edges of the first and 10th clocks in FIG. 10, 
word line WLa at the address designated by the control signal makes a 
transition from low level to high level. Following the transition of word line 
WLa to a high level, data in memory cells 7 connected to word line WLa are 
placed on bit lines BLOl - PLn2. Then, sense amplifier starting signals SPO, 
SPl (not shown) for the memory cell array designated by the control signal 
make a transition from precharge level to high level. Following the 
transition from precharge level to low level of SNO, SNl (not shown), sense 
amplifiers 5 are started, so that voltages on bit line pairs BLOl - BLn2, 
XBLOl - XBLn2 are amplified by the sense amplifiers. Then, gate signal YO - 
0 for switches 6 makes a transition from low level to high level, so that bit line 
pairs BLxl, XBLxl (x represents even numbers from 0 to n) are connected 
with first data line pairs DLx, XDLx (x represents even numbers from 0 to n). 
Further, second data line pairs DBOO - DBOm, XDBOO - XDBOm selected by 
the control signal and first data line pairs DLx, XDLx (x represents even 
numbers from 0 to n) are connected together upon a transition from low level 
to high level of gate signal TGO - 0 for switches 4. 

In the case of a write operation, data are written, during this period of 
time, into second data line pairs DBOO - DBOm, XDBOO - XDBOm by a write 
circuit (not shown) and the written data are transmitted to first data line 



pairs DLx, XDLx (x represents even numbers from 0 to n) through switches 4. 
Further, the data are transmitted to bit Une pairs BLxl, XBLxl (x represents 
even numbers from 0 to n) through switches 6 so that the data are written 
into memory cells 7 connected to word line WLa through selection gates 8, 

In the case of a read operation, voltages amphfied by sense amplifiers 
5 on bit line pairs BLxl, XBLxl (x represents even numbers from 0 to n) are 
transmitted, during the same period of time, to first data line pairs DLx, 
XDLx (x represents even numbers from 0 to n) through switches 6. Further, 
the voltages are transmitted to second data line pairs DBOO - DBOm, XDBOO - 
XDBOm through switches 4. The voltages on second data line pairs DBOO - 
DBOm, XDBOO - XDBOm are amplified by read amplifiers (not shown) and the 
read out data are output. 

Whether in read operation or in write operation, the precharging of 
the first data line pairs are performed while bit line pairs BL, XBL and first 
data line pairs DL, XDL are disconnected upon turning off of switches 6, 

After the precharging of first data line pairs DL, XDL , gate signal 
YO-1 for switches 6 makes a transition from low level to high level so that bit 
line pairs BLyl, XBLyl (y represents odd numbers from 0 to n) and first data 
line pairs DLx, XDLx (x represents even numbers from 0 to n) are connected 
together. 

In the case of a write operation, data are written, during this period of 
time, into second data line pairs DBOO - DBOm, XDBOO - XDBOm by a write 
circuit (not shown) and the written data are transmitted to first data line 
pairs DLx, XDLx (x represents even number from 0 to n) through switches 4. 
Further, the data are transmitted to bit Une pairs BLyl, XBLyl (y represents 
odd numbers from 0 to n) through switches 6 so that the data are written into 
memory cells 7 connected to word line WLa through selection gates 8. 
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In the case of a read operation, voltages amplified by sense amplifiers 
5 on bit line pairs BLyl, XBLyl (y represents odd numbers firom 0 to n) are 
transmitted, during the same period of time, to first data line pairs DLx, 
XDLx (x represents even numbers from 0 to n) through switches 6. Further, 
the voltages are transmitted to second data line pairs DBOO - DBOm, XDBOO - 
XDBOm through switches 4. The voltages on second data line pairs DBOO - 
DBOm, XDBOO - XDBOm are amplified by read amplifiers (not shown) and the 
read out data are output. 

When access is that to a memory cell array and second data line pairs 
other than the memory cell array and the second data line pairs designated by 
the control signal at the first and 10th clock cycles, continuous operation can 
be made. Operation relative to it will be described below. 

When a control signal is fed in synchronized with the rising edges of 
the second and 11th clocks in FIG. 10 for accessing a memory cell array 
different from that designated at the first and 10th clock cycles, word line 
WLc at the address designated by the control signal makes a transition from 
low level to high level. Following the transition of word line WLc to a high 
level, data in memory cells 7 connected to word line WLc are placed on bit 
lines BLO(z+l) - BLn(z+2). Then, sense amplifier starting signals SPz, 
SP(z+l) (not shown) for the memory block designated by the control signal 
make a transition from precharge level to high level. Following the 
transition from precharge level to low level of SNz, SN(z+l) (not shown), sense 
amplifiers 5 are started, so that bit line pairs BLO(z+l) - BLn(z+2), XBLO(zH-l) 
- XBLn(z+2) are amplified by the sense amplifiers. Then, gate signal Yz - 0 
for switches 6 makes a transition fi:om low level to high level, so that bit line 
pairs BLx(z-i-l), XBLx(z+l) (x represents even numbers from 0 to n) are 
connected with first data line pairs DLy, XDLy (x represents odd numbers 
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from 0 to n). Further, second data line pairs DBzO - DBzm, XDBzO - XDBzm 
selected by the control signal and first data Hne pairs DLy, XDLy (x represents 
odd numbers from 0 to n) are connected together upon a transition from low 
level to high level of gate signal TGz - 1 for switches 4. 

In the case of a write operation, data are written, during this period of 
time, into second data line pairs DBzO - DBzm, XDBzO - XDBzm by a write 
circuit (not shown) and the written data are transmitted to first data line 
pairs DLy, XDLy (y represents odd numbers from 0 to n) through switches 4. 
Further, the data are transmitted to bit line pairs BLx(z+l), XBLx(z+l) (x 
represents even numbers from 0 to n) through switches 6 so that the data are 
written into memory cells 7 connected to word line WLc through selection 
gates 8. 

In the case of a read operation, voltages amplified by sense amplifiers 
5 on bit line pairs BLx(z+l), XBLx(z+l) (x represents even numbers from 0 to 
n) are transmitted, during the same period of time, to first data line pairs DLy, 
XDLy (y represents odd numbers from 0 to n) through switches 6. Further, 
the voltages are transmitted to second data hne pairs DBzO - DBzm, XDBzO - 
XDBzm through switches 4. The voltages on second data line pairs DBzO - 
DBzm, XDBzO - XDBzm are amplified by read amplifiers (not shown) and the 
read out data are output. 

Whether in read operation or in write operation, the precharging of 
the first data hne pairs are performed while bit hne pairs BL, XBL and first 
data hne pairs DL, XDL are disconnected upon turning off of switches 6. 

After the precharging of first data line pairs DL, XDL , gate signal 
Yz-1 for switches 6 makes a transition from low level to high level so that bit 
line pairs BLy(z+l), XBLy(z-i-l) (y represents odd numbers from 0 to n) and 
fir-st data line pairs DLy, XDLy (y represents odd numbers from 0 to n) are 
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connected together. 

In the case of a write operation, data are written, during this period of 
time, into second data Une pairs DBzO - DBzm, XDBzO - XDBzm by a write 
circuit (not shown) and the written data are transmitted to first data Hne 
pairs DLy, XDLy (y represents even number from 0 to n) through switches 4. 
Further, the data are transmitted to bit Hne pairs BLy(z+l), XBLy(z+l) (y 
repx^esents odd numbers from 0 to n) through switches 6 so that the data are 
written into memory cells 7 connected to word line WLc through selection 
gates 8. 

In the case of a read operation, voltages amplified by sense amplifiers 
5 on bit line pairs BLy(zH-l), XBLy(z+l) (y represents odd numbers from 0 to n) 
are transmitted, during the same period of time, to first data line pairs DLy, 
XDLy (y represents odd numbers from 0 to n) through switches 6. Further, 
the voltages are transmitted to second data line pairs DBzO - DBzm, XDBzO - 
XDBzm through switches 4. The voltages on second data Hne pairs DBzO - 
DBzm, XDBzO - XDBzm are amplified by read amplifiers (not shown) and the 
read out data are output. 

After the completion of the write operation/read operation, if it is 
needed to access memory cells connected to another word line in the same 
memory block, a precharging operation is carried out for preparation of next 
command receiving (refer to fourth, fifth, eighth, ninth, 13th, 14th, 17th, and 
18th clock cycles in FIG. 10). 

A case where access is made to memory cells connected to other second 
data Une pairs DBzO - DBzm, XDBzO - XDBzm and word line WLb and to 
memory cells connected to second data Hne pairs DBOO - DBOm, XDBOO - 
XDBOm and word Hne WLd wiU be described with reference to FIG. 10. 

When a control signal is fed in synchronized with rising edges of fifth 
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and 14th CLK, word line WLb at the address designated by the control signal 
makes a transition from low level to high level. When word Une WLb has 
made the transition to a high level, the data in memory cells 7 connected to 
word line WLb are placed on bit line XBLOl - XBLn2. Then, sense amphfier 
starting signals SPO, SPl (not shown) of the memory block designated by the 
control signal make a transition from precharge level to high level. Then, 
when signals SNO, SNl (not shown) make a transition from precharge level to 
low level, sense amplifiers 5 are started and voltages on bit line pairBLOl - 
BLn2, XBLOl - XBLn2 are amplified by the sense amplifiers. Then, gate 
signal YO - 0 for switches 6 makes a transition from low level to high level so 
that bit line pairs BLxl, XBLxl (x represents even numbers from 0 to n) is 
connected with first data line pairs DLx, XDLx (x represents even numbers 
from 0 to n). Further, second data line pairs DBzO - DBzm, XDBzO - XDBzm 
selected by the control signal and first data line pairs DLx, XDLx (x 
represents even numbers from 0 to n) are connected together upon a 
transition from low level to high level of gate signal TGz - 0 for switches 4. 

In the case of a write operation, data are written, during this period of 
time, into second data line pairs DBzO - DBOm, XDBzO - XDBOm by a write 
circuit (not shown) and the written data are transmitted to first data line 
pairs DLx, XDLx (x represents even numbers from 0 to n) through switches 4. 
Further, the data are transmitted to bit line pairs BLxl, XBLxl (x represents 
even numbers from 0 to n) through switches 6 so that the data are written 
into memory cells 7 connected to word line WLb through selection gates 8. 

In the case of a read operation, voltages amplified by sense amplifiers 
5 on bit fine pairs BLxl, XBLxl (x represents even numbers from 0 to n) are 
transmitted, during the same period of time, to first data line pairs DLx, 
XDLx (x represents even numbers from 0 to n) through switches 6. Fvirther, 



the voltages are transmitted to second data line pairs DBzO - DBzm, XDBzO - 
XDBzm through switches 4. The voltages on second data line pairs DBzO - 
DBzm, XDBzO - XDBzm are amplified by read amplifiers (not shown) and the 
read out data are output. 

Whether in read operation or in write operation, the precharging of 
the first data line pairs are performed while bit line pairs BL, XBL and first 
data line pairs DL, XDL are disconnected upon turning off of switches 6. 

After the precharging of first data line pairs DL, XDL , gate signal 
YO-1 for switches 6 makes a transition from low level to high level so that bit 
line pairs BLyl, XBLyl (y represents odd numbers from 0 to n) and first data 
line pairs DLx, XDLx (x represents even numbers from 0 to n) are connected 
together. 

In the case of a write operation, data are written, during this period of 
time, into second data line pairs DBzO - DBzm, XDBzO - XDBzm by a write 
circuit (not shown) and the written data are transmitted to first data line 
pairs DLx, XDLx (x represents even number from 0 to n) through switches 4. 
Further, the data are transmitted to bit line pairs BLyl, XBLyl (y represents 
odd numbers from 0 to n) through switches 6 so that the data are written into 
memory cells 7 connected to word line WLb through selection gates 8, 

In the case of a read operation, voltages amplified by sense amplifiers 
5 on bit line pairs BLyl, XBLyl (y represents odd numbers from 0 to n) are 
transmitted, during the same period of time, to first data line pairs DLx, 
XDLx (x represents even numbers from 0 to n) through switches 6. Further, 
the voltages are transmitted to second data Une pairs DBzO - DBzm, XDBzO - 
XDBzm through switches 4. The voltages on second data Une pairs DBzO - 
DBzm, XDBzO - XDBzm are amplified by read amplifiers (not shown) and the 
read out data are output. 
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When access io that - to a memory cell array other than the memory cell 

dbc^ <>u,cJ(2e<f 

array designated by the control signal at the fifth or 14th, to a^nemory block 

not related to the second line pairs or access to the second Une pairs itself, 

A A 

continuous operation can be made. Operation relative to it will be described 
below. 

When a control signal is fed in synchronized with the rising edges of 
the sixth and 15th clocks in FIG. 10 for accessing a memory cell array 
different from that designated at the fifth and 14th clock cycles, word line 
WLd at the address designated by the control signal makes a transition from 
low level to high level. Following the transition of word line WLd to a high 
level, data in memory cells 7 connected to word line WLd are placed on bit 
line XBLO(z+l) - XBLn(z+2). Then, sense amplifier starting signals SPz, 
SP(z+l) (not shown) for the memory cell array designated by the control 
signal make a transition from precharge level to high level. Following a 
transition from precharge level to low level of SNz, SN(z+l) (not shown), sense 
amplifiers 5 are started, so that bit line pairs BLO(z-t-l) - BLn(z+2), XBLO(z+l) 
- XBLn(z+2) are amplified by the sense amplifiers. Then, gate signal Yz - 0 
for switches 6 makes a transition from low level to high level, so that bit Une 
pairs BLx(zH-l), XBLx(z+l) (x represents even numbers from 0 to n) are 
connected with first data line pairs DLy, XDLy (x represents odd numbers 
from 0 to n). Further, second data line pairs DBOO - DBOm, XDBOO - XDBOm 
selected by the control signal and first data Une pairs DLy, XDLy (x represents 
odd numbers from 0 to n) are connected together upon a transition from low 
level to high level of gate signal TGO - 1 for switches 4. 

In the case of a write operation, data are written, during this period of 
time, into second data line pairs DBOO- DBOm, XDBOO - XDBOm by a write 
circuit (not shown) and the written data are transmitted to first data line 



pairs DLy, XDLy (y represents odd numbers from 0 to n) through switches 4. 
Further, the data are transmitted to bit Une pairs BLx(z+l), XBLx(z+l) (x 
represents even numbers from 0 to n) through switches 6, so that the data are 
written into memory cells 7 connected to word line WLd through selection 
gates 8. 

In the case of a read operation, voltages amplified by sense amplifiers 
5 on bit line pairs BLx(z-i-l), XBLx(z+l) (x represents even numbers from 0 to 
n) are transmitted, during the same period of time, to first data line pairs DLy, 
XDLy (y represents odd numbers from 0 to n) through switches 6. Further, 
the voltages are transmitted to second data line pairs DBOO - DBOm, XDBOO - 
XDBOm through switches 4. The voltages on second data line pairs DBOO - 
DBOm, XDBOO - XDBOm are amplified by a read amplifiers (not shown) and 
the read out data are output. 

Whether in read operation or in write operation, the precharging of 
the first data line pairs are performed while bit line pairs BL, XBL and first 
data fine pairs DL, XDL are disconnected upon turning off of switches 6. 

After the precharging of first data Une pairs DL, XDL , gate signal Yz- 
1 for switches 6 makes a transition from low level to high level, so that bit fine 
pairs BLy(z+l), XBLy(z+l) (y represents odd numbers from 0 to n) and first 
data fines DLy, XDLy (y represents odd numbers from 0 to n) are connected 
together. 

In the case of a write operation, data are written, during this period of 
time, into second data line pairs DBOO - DBOm, XDBOO - XDBOm by a write 
circuit (not shown) and the written data are transmitted to first data line 
pairs DLy, XDLy (y represents odd number from 0 to n) through switches 4. 
Further, the data are transmitted to bit fine pairs BLy(z+l), XBLy(z+l) (y 
represents odd numbers from 0 to n) through switches 6, so that the data are 
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written into memory cells 7 connected to word line WLd through selection 
gates 8. 

In the case of a read operation, voltages ampUfied by sense amplifiers 
5 on bit Une pairs BLy(z+l), XBLy(z+l) (y represents odd numbers from 0 to n) 
are transmitted, during the same period of time, to first data line pairs DLy, 
XDLy (y represents odd numbers from 0 to n) through switches 6. Further, 
the voltages are transmitted to second data line pairs DBOO - DBOm, XDBOO - 
XDBOm through switches 4. The voltages on second data line pairs DBOO - 
DBOm, XDBOO - XDBOm are amplified by read amphfiers (not shown) and the 
read out data are output. 

Thus, according to the fourth embodiment, by arranging first data line 
pairs to be separately corresponding to each memory cell array, it is made 
possible to perform access, continuously with first access, to a memory block 
different from that accessed first, through second data line pairs different 
from that used in the first access. Therefore, data transfer to and from a 
plurality of memory blocks can be continuously performed without producing 
contention, so that a great improvement in the bandwidth of the system can 
be reahzed. Incidentally, in the fourth embodiment, an example in which 
first data line pairs correspond to two memory cell arrays were shown. The 
number of correspondence of first data line pairs to memory cell arrays can be 
easily adjusted by changing connections of switches 6 and switches 4. 
Further, by making it the same as the number of blocks of the second data line 
pairs (this configuration is a typical full cross-bar connection system which 
makes possible simultaneous each memory block access) such a system in 
which continuous access from all of the blocks of the second data line pairs are 
possible can be structured and, thus, bus contention can be completely 
avoided. In addition, each of neighbor bit line pairs should be assigned to 



"n-th" bit of the pitch matched processor input/output hne pairs, via first data 
line pairs and second data line pairs of corresponding "n-th" bit, for fast data 
transfer. 

(Fifth Exemplary Embodiment) 

Fifth exemplary embodiment is configured by having a plurality of 
processor elements connected with the memory of the first embodiment, 
memory of the second embodiment, or memory of the fourth embodiment by 
second data line pairs of the memory and having them integrated on one chip. 

In FIG. 11, a plurality of processor elements 9 are connected with the 
memory of the first embodiment by second data line pairs (DB, XDB) and 
these elements are integrated on one chip. In FIG. 12, a plurality of 
processor elements 9 are connected with the memory of the second 
embodiment by second data line pairs (DB, XDB) and these elements are 
integrated on one chip. In FIG. 13, a plurality of processor elements 9 are 
connected with the memory of the fourth embodiment by second data line 
pairs (DB, XDB) and these elements are integrated on one chip. 

In FIG. 11 to FIG. 13, one processor element is connected with second 
data Hne pairs related to one memory cell array. Further, each memory cell 
array, within the memory, is connected with first data line pairs. In other 
words, crossbar wirings and crossbar switches are formed within the memory. 
Therefore, when a plurality of memory cell arrays and a plurality of processor 
elements of the present invention are integrated on one chip, the crossbar 
wirings and crossbar switches are formed within the memory. Accordingly, 
the present invention has an advantage that the chip area is prevented from 
increasing. Although the case where crossbar switches are formed within the 
memory has so far been described, it is of course possible to form the crossbar 
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switches within the processor elements. 

Processor elements 9 and the memory cell arrays are arranged at the 
same pitch. When they are integrated on one chip, the number of processor 
elements 9 and the number of the memory cell arrays may be selected 
according to the need. 

(Sixth Exemplary Embodiment) 

Sixth exemplary embodiment is -fe hat related to arbitration of requests 
for accessing from one or more processor elements to one memory cell array. 

The arbitration function in the fifth embodiment is incorporated in the 
processor element. When a plurality of processor elements request for access 
to one memory cell array, arbitration among the processor elements is made 
and the access request from only one processor element is enabled. In 
accordance with a signal (not shown) from the processor enabled to access, 
switches 4 for connecting first data line pairs (DL, XDL) within the memory 
and second data line pairs (DB, XDB) connected to the processor element 
enabled to access is turned ON and, thereby, accessing for data transferred 
between the memory and processor is performed. 

FIG. 14 is a diagram schematically showing an example of arbitration 
of access requests from processor elements 9 to one cell array 1. A case where 
n processor elements 9 are integrated will be described. 

When n access requests to cell array 1 are simultaneously made by 
processor elements 9 operating independently of one another, arbiter circuit 
10 arbitrates among the n access requests. Arbiter circuit 10 allots priority 
levels to the n access requests and outputs the access requests to the memory 
in order of priority. Here, arbiter circuit 10 accepts a next access request 
when communications between the memory and processor element 9 based on 
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a preceding access request have been finished. 

According to the present embodiment, since the crossbar system can 
be provided in a small chip form, a memory-embedded multiprocessor 
mounting a crossbar system can be realized on one chip. Therefore, a high- 
speed and low-power system, which has so far been realized on multiple chips, 
can be provided. 

(Seventh Exemplary Embodiment) 

Seventh exemplary embodiment is related to arbitration of requests 
for access from one or more processor elements to one or more memory cell 
arrays. 

FIG. 15 is a diagram schematically showing an example of arbitration 
among accessing requests from multiple processor elements 9 to multiple cell 
arrays 1 - m. In FIG. 15, it is arranged such that a plurality of accessing 
requests to cell array 1 are simultaneously issued from arbiter circuit 10 of 
FIG. 14. Nine sets of processor elements are integrated. For simplicity, a 
case where n = m will be described. 

When n accessing requests to cell arrays 1 - n are simultaneously 
made by processor elements 9 operating independently of one another, arbiter 
circuit 10 arbitrates the n access requests. Arbiter circuit 10 allots priority 
levels to the n access requests by means of hardware or software and accepts 
the memory access requests according to the priority level. Here, arbiter 
circuit 10 checks whether any of the access requests are to the same memory 
cell array k. If no access requests are to the same memory cell array k (not 
shown), the memory access requests are accepted at the same time. If some 
of them are to the same memory cell array k, a next access request is accepted 
after communications between the cell array k and processor element 9 based 
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on a preceding access request have been finished. 

Operations in the present embodiment will be described as follows. 
The operations are performed through the step for processor elements to 
make access requests to memory cell arrays, the step for the arbiter circuits 
belonging to the memory cell arrays, which are requested to access, to make 
arbitration, and the step at which data communications are made between 
processor elements and memory cell arrays in accordance with the result of 
arbitration. The arbiter circuits each have the arbitration signal for each 
memory cell array. 

Industrial Applicability 

Since the crossbar system according to the present embodiment can be 
provided in a small chip form, the memory-embedded multiprocessor 
mounting the crossbar system can be realized on one chip. If separate 
memory cell arrays are used, it becomes possible to make accesses between a 
plurality of processor elements 9 and a plurality of memory cell arrays 
simultaneously and, therefore, a system of higher speedy can be reaUzed. 
Thus, according to the present invention, by having crossbar wirings arranged 
on memory cell arrays, a high-speed and high-performance memory- 
embedded multiprocessor can be provided without increasing the chip area. 



